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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the reliability 
of a gallium nitride semiconductor device by 
preventing the dislocation which occurs at the 
interface between a substrate and a grown layer from 
being propagated to the heat of the device, by 
providing a dislocation propagation preventing layer 
having projecting sections between the substrate and 
device and exposing single-crystal faces on the side 
walls of the projecting sections. 
SOLUTION: A washed sapphire substrate 100 is set 
up in a susceptor in a MOCVD reaction tube, and 
oxides are removed from the main surface of the 
substrate 1 00 on when gallium nitride (GaN) layers 
are to be formed by heating the substrate 1 00 in a 
reducing atmosphere. Then a GaN buffer layer and a 
GaN layer 102 are grown on the main surface by 
making an ammonia gas to flow in the reaction tube 
and, after the substrate 100 is taken out of the 
reaction tube, stripe-like projecting sections are 

formed on the surface of the GaN layer 102 through a photolithography process and an 
etching process. After the projecting sections are formed, a GaN layer 103 is epitaxially 
grown on the projecting section. Since the interface between the GaN layers 102 and 103 is 
constituted of a single crystal including the side walls of the projecting sections of the GaN 
layer 102, the growth of the GaN layer 103 in the horizontal direction can be accelerated 
among the projecting sections, and the total number of defects can be suppressed 
effectively. 
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r>m§easfimmK.itmm^mtfimm l r ?c ^ c i ^i^ia 

fSSn. WiBTSIJJlScmffi±SPa«^<r. Al. Ga 
, In. Bi-, NZiC/Al. Ga, I n. B 10 
i-t.,,.,> N. (ffll/. 0 ^x.v.z.u.v.w ^ 1 ) .;fc«JJfe 
S C i *i|#»i-r 1 CCiElS©^{b:</ 'J 

iriBCigpracDgEgtW lit I urn ^Wl g 1 0 Mm . 
liiaPOJSSd 1«0 .lyra 1^2 Mm, mfTia 

[000 1 ] 20 
[0002] 

im^commi se*©m*''j>i?A (GaN) m^t^ 
Sgg-cjs. GaN-'<JVf*iteS*ia^«:fPSlr#;ftc>fc 

'e<DtmmmtLX-*)-yr^r, sic, Si. G 
ffi FVPE) (CJ:9GaN^©xf5r+5x' + jU 30 

, O3 (-y-^T-fr) CD (00 0 1) cs*m>6nr 

C^S**. 1J-7T-/TiGaN<!:©ra(C». 13. 8%<t 

•^^<. ■y-t^T-^TSK.t^SL./cGaNiaiO^fatc 
WIG' ~1 O'-cm 'CDiSiffiffiODiglii&i^O, iSfa 
S<DGaNfiRSB*J»6nftt><!:lOa!S***-ofc. C 

aN*¥«i*u— tfi^a«J^fiR-r<&i«^Cc(*. *©rStt 40 

9. «s{iS©ea^*tJi*i^C"2)/c»«:. $gg©*^-t>m 

S8tt**eT^4«©fiSifeWJa*i^i;S. Ga 
NIS^I^ai»U— !f^g©«IIttl^±{c». S«is!ESa 
©^ffi-C|%^-r-51 C -1 0"'cm-'{C*>*jJ:^iEtt 
fgg-€-©fc©*fi»t-r&*'> feL<W?!imK:^3nS 
S£{4* u - tf »g©r£i4Jl^Ii^ * -c&m 5 « IS t, ^ *:.©(, > 

rtiifi<D:^micj: n iiis©«*i^±-r 4 c i 

C©WjS«. GaNitS^^«S^9R©S«M*4fC*i 50 
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t»r, mmVi^&V, m^it. S i C, S i . GaA s 
^©--^^u i'SStctei^r i>^D wist?* 

[ 0 0 0 3 ] JiKat?». •!^7T-^TS«±{CGaN)l* 
figfiL/. C©GaNBaffi«:P^ F5-r7'#:©S j O, v 
TsU^j^m.^. GaN?:SRSgOT, S i O, 
{Cfi!Eficiea[©GaN*fiJEg-r4, E LOG (Epitaxial 
1y Lateral! CVerqrowth CaNsubstrate.)i •'^^SC^fe 
^c3*irC»SC da. Usui et al.; 3. Jpn. 

Appl. Phys. vol. 36, no.7B, ppL899-L902, 1397, 
2)S. Nakamura et al.; Appl. Phys. Lett. 72, 211, 
1998). L*>L/. C(D-)S^-CUS iO, •7:^i'i%±ic 
aji?)jitf K:»G a N im.+ IX m« Ji^g-r i'^'^ifii) 
•2). S\0^ '7:^i7}:K\m-i Vifi^hWt 

Sfejitf G a N®» 10 0m mifilr>)aJ?36li:»St?* 
■5. GaNiSiO, v;:<4?©j^jg^||*.6 

[0004] 

[^W#i«?9lUJ;!><kr5Sai] JBU:©J:^«C. (i£3|5© 
G a Nm^i^^S^S«:*jt>r«. »«i^S®©|?ffi-C 

mt^, -r-si. ^s©'i:»i8CK 1 0' -lo^cm-' 
{c4)4B<j:^?s?gffi©Ke*seBiLt:, m»{i^^<imm 

«. ^^tf. GaN3S^|iSI«EU— !f$|g©Ji^{CW}gft 

[000 5] :$:^Bj«, ±ia«ttf *#!aLr«c$n/cfc 
©-C, «^^:?^^jg©xf^»+2^+jbt!SS{c*jc>-c, a 
«i fiSSB i omm-cm. Lfci£(44^g-c^ii^*-cm 

iiSHiiaiiJr^CCL. iSm«itt©GaNm*3H*J^* 
[0006] 

[000 7] C©J:^>5:3t:|%?g«:J:^i. SfeiKJ^tS 
3nA:GaN^^«:)lrW> »«iGa N3fi*»(*ja 

0. ifea^^^:fi^s:^r^iI<t 111:53 ifiiices^*. GaN^fi 
xe'df+'>*;i/fiXS{c*jt»r«> «l:firrsj©fiKSji@[*siHJ 



3 

!tc<<i:fcGaNlR*i»(*Jl<bS«<!:©ffl«:. ffllMAl^^S 

#Pa^8 - 6 4 7 9 1 ^^i^|gfCtB*83n/c^5B-C«, 
MJ^?:f5fiK-r * C i *J Djtlr* * . 20 

[ 0 0 0 8 ] isa, ±ii:^^m(ommwmmi,c*n,^x. n 

^&m]tM\t\\, Ga, I n.B, N/ A 
1„ Ga, I n. Bi.cc.^.i N (0 Sx.y.z.u.v.w ^ 
1 ) J: •? Jtc ^^BMk: cfc 9 «fiS3 tir c » 5 c i *5» * O 

[0009] 3 e.«c», m.im.mm±m<ocimmmM 

^ 1 0 Mm. aS^iiidd 1»0 .iMm^ d 1 ^ 2 //m 

. i!!iSP<D±ffi©iliW2 1*1 um<W2 'C»>i>Ctim 

*fc. «jt©fi!lLt. OSPWSWBfJtCJ^fiSSn 30 

[0010] 

C II 1 ©^«&©?^^)@ 1 \t::^m<Dm 1 ©^^ItSR: 

[coin *«jfi0si®^f*u— !>^g», a 1 «C 

*s<fc^{c, ®:srfil[c 0 00 1) <o^yy ^rmm.i o 

0±«C. )S/15 0nm©GaN>''«-y:7rBl 0 K liJl 40 
3Mm®GaN<Effie*fRiiI:Sl 0 2. lOS^ifLn 
JgfiX3n-Ct,>S. G a NK{iefilP;5±B©TgPB 1 0 2 
©ei8WaiJe4^««)-C. TSUB l O 2 i±8iJB 1 0 3©ff 

g^oi-r c <b*j-cif 4>iPi©iifi»€:3!ai*e<jtc«JS)jpifiii 

[0012] 2^:«56fl59g©**(*U'— tf^g{*0 1 K.S> 
Si¥iii>j2 ym©n-GaNn>5'5' hBl 0 
4. ^JtlO. 7 /im©n -Ga A 1 Nl?^ KB 1 0 50 
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5. M/WiSjO. 1 /<m©nfflilGaN3t;tf-Y FBI 0 6, 
I n Ga N^^«S^-#F (MQW) jSttB 10 7. MJl 
*SJ0. 1 /um©pffllGaN31£^-< KBl 0 8. SWJSJ 
0. 7 am©pS{GaA 1 FBI 0 9. MJSiiSj 

0. 3//m©nSI nGaN3K!RiRBl 1 0. M/liK 
0. 5um©pMGaN3>:Jfi' FBI 1 1. nffWffi 
1 1 3. pfflimSl 1 2J:0«fiKLfc. 
[0013] «TCC. *«t^M*iJiSg^( MOO V D 

i£) K:<|:24effi£lil$ihB©^eja@^$g(±i^F;&±B 

^m^<>tc-:^mmm<<c^i,m^^m2 (a) 7!)Mii2 
(d) ©x^ijKffi0*fflCirsi?8-rs. i^a. 02 

(a) 7!)MS2 (d) "Cti. ^Vy-iTWRl 0 OSO^ 
r B 1 0 1 fflSf -S*!. TI»B 1 0 2 CCtt. S 
«Ml|s^<!:«tS^:f!i^3S©>'^• 7 rB 1 0 1 ©ifeSISfi 

*«. iSa. H2 (a) 7iMia2 (d) rti. l|jr©H«^ 

±. IK:*:©^*^nb/c*t. T^Jl'-? T;^-Ga NtSiF- 

®ffi©tt*4^©iH*^to-&«cfct,»r*». :i^5^©S^i» 
[0014] sr. tfigg«rJKRE-rs^^ 

©. ?5fe^»*f-7r-<rS«l OO^MOCVDSl&g 

F*i©-9--b7-i»-'vg:gL. mjc^m^fp-cm i o 5 o-c 

*r-9-7r-/TSSl 0 0%J»S8ll,r. GaNB«:m 
•r-5?S©*^ffi»<l:!fe*^l/fc. *©^. ■t»-fep'5» 
-SS*il\;5 5 O'CS-CFIISb, TMGC hV^'^^l'^ 
U-i/A^!/;^) . r>*-T**;:^*iSEly. GaN>'^--^:7r 
B 1 0 1 %)RIitil^)0 . 0 5 MmSTflcSSIffc. ;?:CC. 
m&^mi 1 0 0'C4-C±^Sl±GaNB 1 02^mm 

B. -y-^T-rTSffil 0 0*SJSWJ:»)BXf)UiL. 02 
(a) tCTn-Ti^tc. 7* h >; y ^RCXx 
i^IgK;J;OGaNB 1 0 2'^GaN< 1 l-20>:^r 

1^ (@M-c». mmmm.:f3^) '^©:^ h^-r:?'<^©cigi5 

ISIB»i»>|5 MmT«>>) . Cil^±jS©t§»|(|5 am<b U 

[00 15]-e©». SCJf-!^7T-Yr««*MOCVD 

1 oo-c*-cjn«iL.t:. 112 (b) &afS2 (c) (Cl© 
tc^f J: ^{c. GaNBio3 ^cm±x<omti ifim 1 

^■rsaSSra©l!aS|5T-c«, 02 (b) «:7nrJ:^(c. 

ffliM«>6©i;KS!^£t;. msmtsoymmtmicmi^m 

rj:t>^. l!g8i5T>£tt«?)iit?*f ©fiXSl5)»iSPgr{*flg|J 
Toymt'&ms^iLX. S«HK*tcrSI:^|tn'^©fiSS 
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fiSg*?f^CiCcj;0. 02 (c) «:m-rj;'>{c. aSH 

msti!>t^itm^t^icm 4 u m<oms:ifi^ 0. g a n« 1 

J^^-C«. GaNMl 0 3*J13*t;2 /imfiXg-raci 
Ci:j;»)> -^-^r-^Tatel OOiGaN-'^^r^riai 0 

[0 0 1 6] J!il±<DXS{C<t»J. GaN®10 3«ffi*i 
^««:«c4J:5(ca*jM,m 02 (d) (CS^^J:^ 
tc, S i 43lttHyfcnMGaN=i>5Ji7 hJSl 0 4*il 
3il<j2 wm-CGaNBl 0 3±(cm^Ltc. 

[00 17l-e<D^. 01 Kn^-rJr^tC. nMGaNa 

m 1 0 4±iC, S i K-:?"©nSGa,., A 1 20 
... nM^^y ¥m 1 0 5«:i|^jO. 7 wm. S i K-:?' 
©nMGaNi6*f-f FHl 0 6%#sj0. 1 um. SetC 

K-:?* I no.. G&,.,N (3nm} 
::/In,.,,Ga,.,,N (6nm) ©2fflS© I nGaN 
)S% SSWilO jgt r«fi£3*x^MQW«14B 1 0 7 . 
Mg K-7'®pMGaN*:</-f FBI 0 8<£iii5jO. 1 <i 
m. Mg F-:/©pMGa.., A 1.., Ni*^!? FBI 
09«:i|lfj0. 7 um. *JJ:ytpMGa f ^ ^B^rilSj 
0. 2*imm> MOCVDiSCCifJ^gb/c, -et- 

cti6©SB«:t>fcStel4(i> iSffife»P;5±Baffi 3o 
[0018] -Aic. n^umin-f. ±ssMsminm 

ifvV ■<]Si.:^:i.y^>yjMK.J:f}^ pMGaN + i-"^ 
:7'8RtJfpMGaA 1 Nf^-y F8i0)&:**i#5j5 *x 

0. 2Mm®s io. msi^m^:^f^m^vic. m 

Vf. isBfiSSB^ff^fiXL/yct^^r -fra^^JSlD'&rtK 
SSL. Si F-'7"©nai n... Ga,., N^fetRiRB 40 
1 1 0««SStfc. -eoSI. Slc:«J:«J1»- 7 r-^TS« 
^BXOWL, SiO, miRfSi&-7:^i'^x.v^>tfm^ 
Ufc. iBI(,>-C> Sl&«*tCSm«:flKt9ffiL. Mg F- 
:^©pafGaN3>i»e7 FBI 1 l*iftO. SymRJcS 

L/C. -e©?^. mtm^'om^^rn'omL. pmmmi 

12, nj|ij«fiil 1 3*J^fiSU. SlJCTH-rJ:^*** 

[0019] ^:iijfiji5fiiM:<tntf, m\imv<Dmmsm 

«, «St!ieJSR)!iihB©±aE{ctel:t^?5SJ:0*)^tt 
^fcl 0» cm-'-C4)»3, fie*©rS14^m*JWi«£Cl[ 50 
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age 10' ~io"cm' *:*:i®{cffi«-r.sci*J-r# 
fc. cn«Cj;«3. fPS?b/cU— tf$^©^3l&5SS©li 

[ 0 0 2 0 ] fjfc, g&feME*±B©eig|5©ff$SSi or 
«. dIig|J©i«S (|!gge©^3) d 1«0. 1 Mm^d 1 
^2Atin. P^-r^asmiig»IWl»l am^Wl ^ 1 
Owm. OS|J±ffi®ifiW2»l Min^W2-C*SCi3!)!! 
»*L<. ltefiireaiKF±B©/13d«0. 1 Mm^d*J 
Sf * L.l<>, d 1 *td 1< 0 . In m^liaiffliMSIJ's©^ 
S(cifcii5«:^'^©^S*t^DI8l,^. */c. 2 Aim 

Stt^ Sfc. 1 OMm<Wir«¥S{cSa«)iitf/cA© 

U<:^ct>. W2«:o(,»rB> W2<lmnr»¥ 

«l^catoji**iBI|-C*i3. d«. d<0 .l//mT:?B^ 

s/c, 3pa)S«ffl*iff e.n-5eciesK»ihB i o 3©)i 

3«. d 1 (ctSI?t-**t. d = dl-C4>tl«. ±«®*s 

fed = 2 d 1 <frsci{cj:»). miii£fllfgS©+»J&: 

[002 1 1 c ^2©S£S6©}KSS)iJC{C. 2|s:^©ll2 
©ll)teJ^SIK:Ht)^^|s«(*U— tfiia{C|18L-C. 03© 
»rffi«JS0*fflt>ritt?3-r4. 

[ 0 0 2 2 ] ^ 1 <omsmmv\$.. «aefliK*±B i o 

2. 1 0 3*Ji5^a. -e©±iCnSGaN3>5r>' FB 
*l«B^{cJ:S«C!:eJiP;i5ihBB. »«i 
ffittB<i:©rat?*n«J:<. :*5l;^^-c«. 03k:5^ 
■rj:-5tc, nMGaN3>^fi' FB20 2. 203KJ: 
■z>xm-t^¥m<r>ils^^m}&h. nSGaNnV^e? FB 
t«EtfteaKSJliBt©®@*«ffll./c. *||j5S©J15^CC 
nSGaNn>d»i'FBiiS&fi«Ei8r±Bi* 
**ari>2./c*e)> lll©SISfe?i5Sg(C<fc5JS^J;0fc, ^ 

i*©a»*is«-r<E.c<t*i-c*. 7'>'^M>^©»s*«< 

't?tS<bl,»^!f#a*i*4. SSr. 03{C4BJ,>t:, 2 0 0» 
r^)Vy r T^VVr ^rmm.. 2 0n*GaN^iKS* 
i,\,^tm1^^. 2 0 5{*nMi'-7f FB> 2 0 6«n 
m^i)'<Vm. 2 0 7«MQW}gttB. 2 0 8»pS3fe 
ii-i FB. 2 0 9«pS3fe:</-Y FB. 2 1 0B3ifeiRiR 
B. 2 1 lttpM3>4'i' hB, 2 12. 2 13{i^^ 
pS. nSSfii-C**). SB©J53»»ri©l6S6JI5»<!: 
mm t Lie, 

[0 02 3] 04«. nSLGaN3>5'i' FBiceae 
}fl»JhB'fe«*a?cJi^©lSffl09«r7n^»TE«ji0-C* 
-S, C©lCffl^T», «£{4e«Kr±B*inS/«g2 1 3 
©TffiJ;0 4>±ffliJ«:*0, nl!mfiS2 1 3*»6aA3n 
/cfiflS*setee«i»ltB2 0 2.20 3RC;f-e©T©fe 
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[0024 J S5». s^&tc. m<ommm<D^»u- 

itmtOX. GaNB302inMGaN=i>a'e'h@ 

-^TS«3 0 0©i^ffi±K:. GaN>'<5»7y®3 0 2 
C©GaN^^-?7Tg3 0 2©*M{CS*tt 

x-:.5^>i^i?tcJ:»9milgS©iaOM*f5BSL'. nSGa 10 

SCi*ir*/£:„ C(Di»^. nMGaN.'^'^' 7v®3 0 
2(Dl«{4B&a{*;^#C>*t. nSGaN=i>^i^ h@cr>i£ 

1^8, 05cp. 3 0 5«nMi'^5' Kg. 3 0 6{*nM5fe 
:«/-/KB. 3 0 7»«tt®. 3 0 8«pSyfe:i!f-r KB. 
3 0 QKpMi'^ FB. 3 1 Oti^feSiiRB. 3 1 1 « 
pSi7^5.HB. 3 12. 3 13»^'<7. nMSU^pM 
«ffi-C* 0 . SB©«l4-?>B/?»0 1 «^ISfi0ffit <»: 
(CJ^fSLfc. 20 
[0025] ( m^<09m>Bm!KV:. m e ©»rffi« 

[ 0 0 2 6 ] |g 1 saf|i2 ©*»j^.@-c«. ^esiK* 

JhB10 2. 1 0 3. RUf2 0 2. 2 0 3 ^ElfllfSffi* 

^||^■cl5I-^^^?4©G a Ntc j: o :^jfejfjsi 
-c«. @6K^-ra:'>K. ?te(ae»KJ5jtB«:-^7'Pi?® 

[0 02 7] *-r. ^HiSJ^j^-CB. 06«:*.5J:^ 
tC. 1^-7r-rrS«4 0 0±K:GaNB4 0 l?r/rL/r 30 
J^fiSLft:nSGaNB4 0 2©±*ffi«:. W^iji^O. 3 
*tm. iH*5)3 wm®diSS*raPi*^3 /im©^4ffjBSL.. 
36{C. Ga... In... NB4035r*^0. 3 ym© 

*>oGa I nNB4 0 5<b-e©±8B®nSSGaA 
1 Ni'^ HB4 0 5 <!:©W®fe¥ffi"C*)r>/c. C©SI 
». S«4 0 0 i 5» 7 T 8 4 0 1 ©#B-Cfl 
Sfel/fc<£fiiWv nMGa I nN/nSGaN©WMTffli| 

*reso. -e©ffiswio» ~i o*'cm-'-c*-3 

/c. C©tefiirffiS». l?ffi©±WJr»jS«?tl/. 1 0' C 40 
m-'r*-7A:. as. ¥ffl«cH±'^Ga I nNB 

L.;/tO. «®**ai;-AJ^{fc-r€)J&:i'©MjS*i*r,fti 
ifi. :*IBI8©Cai!l©|gfil[e»l55±B«C'^^aWffi*)^fiR 
■rSCifcJ:*). J¥3$^J0. 3 ymJa±©Pl>Ga I n 
NJg4 0 3«:ff-5Ct*J-C*/c. GaInNB4 0 3« 
3I6!R|RB <t bt:««l L. . U — If KBOfiSSi*- H©*fl 

hBiOrfc^tELfc, 

[0 028] :**5tJ&SSrW. Gain NmBJ^4 02 50 
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*^fi3#/c<i^tC-oi,>-CSiW(^fc*5. GaN/Ga 
I n,.„N-MQW©J:^AjcjtBjg«:J:oria8|J|ffl 

%a^^)ii^r^>s^>. c©Jt^(c{*. iE&«e©®«s* 

mt. 3 p. (c±*i fj . ltetiiefilp;5±B±sp©^£^i^«s« i 

©i8iit*/i<-rsci*t-c#sfc*. u— »fi5B©se 

fi|-t-F©*(liaiftfc|Sj±3-B-SCi*it?lr. T^A-rx© 

[0 02 9] (86. ia6«:*5(,>r. 4 0 5«nSfi'^fH 
B, 4 0 6«n^:t/-^ KB, 4 0 7tt«f4B. 40 8 
ttpltTfe:^'^ KB. 4 0 9i*pMi75 y KB. 4 1 OB 
jfe®»RB. 4 1 Htpm=i>^i' FB. 4 12. 4 13 

»-€-n-e'npSinS!©3>afi' FB^*o. ^m<om 
^^tmitm 1 ©iiifejf^siiisi^tcai^Lfc. 
[0030] (114 <Dmm<Dmm ;^{c. 0 7©BrSfl} 
Sf4©*«ijgJS©*a«*u— y^atc-o 

[003 1 ] 4:jii6JBSi«c*Jw.sisfieaiB«. 1^7 r 

•rr®K5 0 0©^affl±©. m«GaNB5 0 1© 

^ffi±K:jfJ^3tlfc. Og|5?rii;S..STS|5B5 02, ±35 
B5 0 3 . RCfTSiJBS 0 2©d!iSS±©S i O, B*>6 
«fi)ELfc. CCr. Ci^fflJg{C». SiO. Biit, 
CC. ^M^ffi^m-C^c^o C©J:^CC-r-SCtf. T 
a5B5 0 2©*ffi*i6^Ufcfeffi©fBi'»B. 5C»CCg? 

s-r5ifiSPiai©tti*'s^*»)-ft{b-r4fcj*. m&.o:>m 
Si*Sij>3^sci*5f arfc, — s i o, b±-c 
«. ^rz>m.m>^<ifis \ o, B©'*'^t{cjit?«75r 

fSlfiRStcJroT. ■e©t|iifefc»*SC<b-C. •?>ttO«ga 

if©'C«s8a5-c*s^SBB. Bfg-rseia5ra©4>*<fc s 

i O, B©4ii^i©MCCj|^fi£3nS. KffilSiAJejt^ n 
eSEejtB©IHei©fia<!:^SP©fig;fePlS^SC i 

[ 0 0 3 2 3 C©J: ^> «:Kite»KfJkBtt. Wit tf JWT 

©:*«fcJ:«5JKfiRLfc, *-r. KfieSEiSihBOTSPB 
5 0 2{C-r4GaNB*GaN>'<2'PTB5 0 1 

S i O, vX5'/A-$->*JgfiXU)t. 
[003 3] iXtC. ai»?W{cGaN*x.^?-l/i^-r-5^ 

(GaNB*isaiL./c) m.m^x.v^>if'm^rhct 

KO:*). S7©j;^{c. ±ffi?&SiO, BJCJrijatoti 

fcOaSi&JiJ^L A:. C © J: ^ CC L fcf^. iSPB 5 0 3 * 
^^5fiRL-C|^I^S|5ra*a^^)3i^/c, -€-©f*«. nS=»>3'i' 
FB5 0 4. nMi'^ -;; KB5 0 5. nmtiJA YMb 

0 6. SftB5 07. pS!36:<f-f FB5 0 8. pffii»5 
FB5 0 9. 3feiiitXB5 1 0. pM3>5»i'FB5 1 

1 4 JB'XaBJfJfiSitt . n Si^ffiJi5fi£©/ces?)©x > i/" 



(6) 



[0034] a^stmLitmummicm^n-r. 

it. Al. Ga» In. B, N/A1„ Ga, 
I n. B,.c.....) N (0 ^x.v.z.u.v.w ^1) "C^S 

[0035] GaN< 1 1 - 2 0>:fr|6l-vCDX F 

7 zficmh-r. c^;^«< 1 - 1 0 0 >:frisj'^.©x h ^ 
'^■:f-ci!>mm<D^^i)m(bixtc. < i - 1 o o >:^\^<d 

•5. C©,^-C»*OC^ */c. GaNO's-lTBaMtlf^ 
rS/tA. C<D!SVi>ltf^LlK —fj. <1 l-2 0> 

[0 0 3 6 ] flgp-'N'd^-xc-oti-ciJ. 

[0037] &L±.<»^mBmv\t. SSi 
tmil/TGaAs. Si. ZnO, S i C. GaN. 30 

MgAi, o, tt*4%ttfflorfcJ:i,>. «T^f^^iS© 

m?i--^t>^t{^X\S.. Si/GaAs, Si/InP> 
GaAs/ZnSe. Si/GaN. S i C/GaN, 
GaAs/GaN. "^^r -^T/Z n 0^©^:f^^ 

[0 03 8] tfc. Ji(±©3ligJfJgi-Cl3:, S BR^it© 
tfi|g«:j;OUi?i«:tfr>ifc*s. fife© 'J ^^^^ 

»LED^©flfe©^3fei|g. ^^StXtS^feS^g. *fc« 40 
MESFET>a:i'©«^S{c4>jifflt?*S. C©ia 

^. ^S©^*MilS-^9^i'*;i'«iJSI?©a6f'PMJ^{*, 

±j^©s**^6. *^Bj©iK{4eiiK(±Ji 0 < B-e-© 

±©«SSJl{CjgSR-rSC<!:*ljt?SL/l,>. *fc. 

Siji*-c3i-rss£i4ffig^fi?gj-c#«,©-c. 

eH-rSi^»9^ty h©**S-¥>**nt?-©^^fc*WJ» 



12000- 1 24500 
10 

WL//cS®©mKffe©^te)l*«;trfcJ:<. S/c. S 
)a©«^l4^J13 t>2ls:|6W©@i'*j£J!»l/%C»i5ffl-C 

[0039] 

[^^©391^] JliUi. »3^0fcJ:^{c*SI|««:J:n«. 

©, ®R£s*isi--©e*i4aj$iJL'. ^Sfu^-cc^ffi 

©Ba®©<iS14*SJ!i3 n4*gW*ilg*J»6tifc. 

m 1 ] *^?B©ii 1 <Dmim^ic^^m»»i"-ifm 
a©Ksgio 

[0 2 ] ^mM<Dm 1 ©i?]Wi^ss{c*jit-53g&ejsE§± 

®©?i5RE:^^?:lftBJ-r.2.fc*©gllllSBTffi0. 



[04] :*:^?g©iir 2 <mtmm(ojtmm<D^i^ u - 
ifiig^s^-rBiDiii. 

[05] m2<DmimmfDib<Djtimm<ommi^u-^m 
g*^R-r»fBff0. 

[06] ll3©SlteJK.@©iJi^«:U— »f$^g*^-r»fffi 

0. 

[07] asii±micm<m'S:^^i>. m4a>mmmm<D 

1 00. 200. 300. 400. SOO-^yy-iT 

1 0 1, 20 1. 5 0 l "f'(yyrm 

102. 202. 302. 402. 502 • -ISffi^BS 

10 3. 2 0 3. 3 0 3. 4 0 3, 5 0 3 -lEfii^lKF 

10 4. b04 - =ty$i; hm 

1 05. 205. 305. 405. 5 0 5 • • f 
K® 

106, 206. 306. 406. 506 - • • 
KB 

107, 2-7, 307. 407. 507 -ffittjB 

108. 208. 30 8. 408. b 0 8- pM^ti^^ 

109. 209, 309. 409. 509- 



vm 

110. 2 10. 3 10. 4 10. 5 10- 

111. 211. 311. 411. 511- 

112. 212. 312. 412. 512- 

113. 2 13. 3 13. 4 13. 5 13- 



n1 



(7) 



!t$^2 0 0 0- 1 24 50 0 



mi] m2] 




[@4] [05] 

212 312 




300^- 
-^,200 *- 



[07] 

me] 




J M (0001) 



F ^ — A (##) 5F041 AA40 CA04 CA05 CA23 CA34 
CA40 CA46 CA49 CA57 CA65 
CA73 CA74 CA75 
5F073 AA51 M55 M74 CA02 CA07 
CB05 CB07 CB14 DA05 DA21 
EA29 



